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ABSTRACT 

—4.  fi'CA* 

-^The  toxicity  and  degradation  of  pesticides  introduced  into  sanitary 
sewer  facilities  has  yet  to  be  extensively  studied.  For  this  reason,  the 
effect  and  fate  of  eight  pesticides  were  investigated  using  the  BOD  method 
with  a  sewage  inoculun.  Six  of  the  eight  chefucals  ( Carbary  1 ,  Malathion, 
Diazinon,  Duraban,  Dichlorvos,  and  2,4,-dichlDrophenaxyaoetic  acid)  did  not 
retard  oxygen  oonsurption  by  a  0.33%  sewage  inoculun  in  a  one-week  test  period 
at  concentrations  ranging  iixxa  Q.l  to  100  .ig/al  of  active  ingredient.  Baygon 
at  10  and  100  ^ijJj/inl  was  toxic  in  the  test  period.  Flam  at  1  and  10vug/ml 
also  slowed  oxygen  cons  motion  during  the  decomposition  of  sewage  as  oanpdbad 
to  a  control  with  no  pesticide.  'Ihe  BOD  method  was  used  bo  test  the  biodeg¬ 
radation  of  the  pesticides  with  each  chemical  being  used  as  a  sole  carton 
source  for  an  adapted  or  unadapted  inoculun.  Carbary  1  was  readily  degraded, 
and  Hilathion  and  Diazinon  also  appeared  to  undergo  oxidation,  although  the 
reaction  was  lnaaiplete.  Dichlorvos,  Baygon,  and  2,4-D  vere  resistant  to 
breakdown  when  tested  by  the  BOD  method.  _  - 


Little  loss  of  unlabeled  2, 4, 5-trich\orT}i«»BaQaaetic  acid  (2,4,5-T) 


was  evident  in  four  tropical  soils  in  the  first  two  ftaqths  after  addition 
of  tile  herbicide,  but  the  rate  of  disappearance  then  lrchs^sed  with  time. 
Little  disappearance  was  evident  in  four  months  in  gamra- 1 mxh abed  soil. 
The  production  of  firm  ^Oring- labeled  2,4,5-T  was  detrcbqd  in  one 

week  in  two  tropical  soils,  but  two  nonths  was  required  for  sigm ri<^ant 
^CX>2  product-ion  in  two  other  tropical  soils. 


In  the  decora jos lti on  of  2, 4, 5-trichlorophenaxyacetic  acid  (2,4,5-T)  in 
soil  and  soil  suspjension,  2, 4, 5-trichlorophenol  ap jpeared  and  then  disappeared. 
No  2,4,5-T  drocrpoBitian  was  evident  in  soil  or  soil  suspension  sterilized 
by  gamra  irradiation.  A  bacterial  culture  destroyed  about  70%  of  the  2,4,5-T 
added  to  a  glucose- inorganic  salts  nediun  in  80  h,  and  nearly  60%  of  the 
herbicide  that  was  metabolized  was  recovered  as  2, 4, 5-trichlorophenol.  The 
bacterum  did  not  use  the  trichloro|jhenol  as  a  carbon  source,  and  it  did  not 
release  ^00^  from  ^C-2, 4, 5-trichlorophenol  or  ^C-2,4,5-T.  Soil  suspensions 
converted  8%  of  labeled  2,4,5-T  and  40%  of  labeled  2, 4, 5-trichlorophenol  to 
‘  hX>2  in  25  days.  2, 4, 5-Trichlorophenol  was  converted  by  microorganisms  in 
the  soil  suspensions  to  products  that  were  identified  as  3,5-dichlorocateehol, 
4-chlorocatechol ,  and  succinate  by  gas  chranatography  and  nass  spectrometry 
and  to  products  that  were  tentatively  identified  as  cis ,cis-2, 4-dichlorarmoo- 
nate,  2-chloro-4-carboxymethy lene-but- 2-cnol ide ,  and  chlorosuccinate  by  gas 
and  thin- layer  chranatography .  Based  an  these  results,  a  pathway  of  2,4,5-T 
deconpcsition  is  proposed. 
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information  is  sought  in  order  to  minimize  environmental  pollution  with  these 


toxicants.  Much  of  the  information  which  already  exists  relates  to  the  toxic 


on  microbial  populations  and  oonminities  in  soils.  Reviews  by  Martin  (1972) 


and  Itwlson  (1975)  suimarize  nuch  of  this  work,  and  these  reviews  are  aug¬ 


mented  by  studies  by  Bal  ling  ton  et  al.  (1978)  an  Dichlorvos,  Lejczak  (1977) 


on  Carbary  1  and  Baygon,  Kuseske  et  al.  (1974)  an  Baygon,  and  Hart  and  Larson 


(1966)  on  2, 4- dichlorophenoxy acetic  acid.  Although  much  recent  work  is  con' 


cemed  with  persistence  and  degradation  in  soil  of  Dursban  and  Diazinon 


(Miles  et  al.,  1979;  1\i,  1978),  Diazinon  (Gunner,  1970),  Baygon  (Gupta  et  al 


1975),  and  Carharyl  (Rodriguez,  1977),  not  nearly  as  nuch  work  has  been  di 


rected  to  the  fate  and  effect  in  aquatic  environments.  Bourquin  (1977) 


studied  the  degradation  of  Malathian  in  salt  marshes,  find  Butcher  et  al 


(1977),  Sethunathan  find  Pathak  (1972),  Aly  and  El-Dib  (1973),  and  Lichtenstein 


et  al.  (1966)  studied  the  fate  of  Dursban,  Diazinon,  Baygon,  and  Carbary 1 


respectively,  in  various  freshwater  environments.  However,  little  work  has 


sewage  (Hashinaga  et  al.,  1977) 


military  installations  (Meier  et  al 


1976).  Although  the  average  daily 


quantities  of  active  pesticide  ingredients  discharged  are  usually  below  2 
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intervals,  causing  locally  higher  concentrations.  The  toxicity  of  such  an 
influx  to  the  sewage  microflora  is,  therefore,  of  concern.  Further,  the  po¬ 
tential  for  degradation  of  these  compounds  by  sewage  microorganisms  is  also 
important  inasmuch  as  the  treated  effluent  is  usually  discharged  into  natural 
waterways.  Hence,  the  present  study  was  undertaken  to  determine  the  toxicity 
and  potential  for  degradation  of  eight  selected  pesticides  in  the  sewage  en¬ 
vironment. 

MATERIALS  AND  METHODS 

Stock  solutions  of  all  insecticides  were  prepared  in  anhydrous  ethyl 
ether  (absolute,  Mill  1  nek  rod  t ,  Inc.,  St.  Louis,  fto. )  and  added  to  300  ml 
standard  BCD  (biochemical  oxygen  demand)  bottles  (Wheaton  Scientific, 
Millville,  N.J.).  The  ether  was  allowed  to  evaporate  and,  upon  the  addi¬ 
tion  of  300  ml  of  the  test  solution,  final  concentrations  of  0.1,  1.0,  10, 
and  100  ixj/ml  were  obtained.  A  list  of  and  same  characteristics  of  the  pesti¬ 
cides  used  are  given  in  Table  l.  A  solution  of  the  herbicide  2,4-dichloro- 
phenoxyacetic  acid  (2,4-D)  was  prepared  by  dissolving  1.0  g  in  100  ml  of  0.2 
M  K^HPOj ,  from  which  appropriate  volumes  were  drawn  to  yield  final  concentra¬ 
tions  of  1.0,  10  or  100  ijg/ml  after  addition  of  300  ml  of  diluent.  All  stock 
pesticide  solutions  were  prepared  fresh  for  each  experiment,  and  all  glass¬ 
ware  was  washed  by  soaking  at  least  24  hours  in  a  nitric  acid  bath  (approx. 

15%  vol/vol)  before  use. 

BOD  diluent  was  prepared  as  outlined  in  Standard  Methods  for  the  Exami¬ 
nation  of  Water  and  Wastewater  (pp.  544-546)  The  final  pH  was  approximately 
7.2.  The  solution  was  aerated  for  4-6  hours  at  room  temperature.  A  fresh 
inoculum  of  irunicipal  sewage  was  added  at  the  rate  of  0.33%  (vol/vol)  and 
allowed  to  mix.  BOD  bottles  containing  pesticide  were  filled  with  inocu- 
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TABLE  1 

Pesticide  characteristics 


Ctnvound  class 

Pesticide  namea 

Other  name  (s) 

Water  solubility 
(uq/ml) 

Carbanate 

Carbaryl 

Sevin 

40  at  30 °C 

Carbamate 

Baygon 

Propoxur 

2000  at  20 °C 

Carbamate 

Ficam 

Bendiocarb 

10 

Ituoate 

Diarinon 

- 

40  at  25 °C 

Thioate 

Dursban 

Chlorpyrifos, 

Lorsban 

2 

Di  thioa  te 

Malathicn 

- 

145 

- 

Dichlorvos 

Vapona 

ca  10,000 

Phenoxy  acid 

2, 4-Dichloro- 
phenoxy  acetic 
acid 

2,4-D 

Soluble  as  K  salt 

3 Chemical  structure: 

Carbary  1 :  (1-naphthyl  N-methylcarbamate) 

Baygon:  2- ( l-nethylethoxy)phenol  methylcarbanate 


Ficam:  2,  2-dimethyl-l,  3-benzodioxyl-4-ol-N-methylcarbanate 

Diazinon:  0, 0-diethyl-0-  ( 2- isopropyl -6-methyl -S-pyrimidinyl)  phosphoro- 

thioate 

Dursban:  0, 0-diethyl-0-  ( 3, 5,6-trichloro-2-pyridyl  )phoe{  horothioate 

Malathicn:  0, O-dimethyl-S-  (1*  2-dicarbethoxyethyl )  phosphorodi  thioate 

Dichlorvcs:  2 , 2-dichlorcrvi  nyl-O.O-dirre  thy  1  phosphate 
2,4-D:  2, 4-dichloraphenoxy acetic  acid 
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lated,  aerated  diluent  and  stoppered.  Hie  incubation  was  at  25 °C.  Initial 
dissolved  oxygen  (D.O. )  was  determined  using  the  azide  modified  titration 
method  outlined  in  Standard  Methods  (pp.  443-444),  and  the  values  are  the 
averages  of  duplicate  or  triplicate  bottles.  Subsequent  oxygen  determina¬ 
tions  were  made  using  a  polarographic  oxygen  electrode  (Yellow  Springs  Instru¬ 
ment  Cto.,  Ye  1  lew  Springs,  Cblo. )  based  on  a  100%  saturation  control  preserved 
by  adding  1.0  g  of  KCN  to  one  BOD  bottle  at  zero  time.  Five  replicates  of 
the  no-pesticide  treatment  as  well  as  of  each  pesticide  concentration  were 
used.  The  average  percentage  of  the  initial  D.O.  of  the  five  replicates  was 
recorded.  Ihe  measure  of  toxicity  was  trade  by  oonparing  the  resulting  percent 
D.O.  at  the  end  of  the  test  period  (180-200  hours)  for  each  concentration  of 
each  pesticide  versus  a  control  with  no  pesticide. 

The  assay  for  degradability  of  individual  pesticides  was  performed  as 
above  except  that  the  inoculum  was  either  "old,"  carbon-depleted  liquid  from 
the  toxicity  phase  of  the  experiments  or  one-week  old,  refrigerated  sewage . 
Vtiereas  the  oxidation  of  carbonaceous  tmtenal  present  in  the  sewage  inocu¬ 
lum  in  combination  with  the  introduced  pesticide  was  measuired  in  the  toxicity 
exper imentB,  in  these  experiments  only  pesticide  carbon  was  available  for 
degradation.  The  measure  of  degradation  was  made  by  conparing  the  final 
percent  D.O.  at  the  end  of  the  180-200  hour  test  period  with  the  theoretically 
expected  amount  based  an  the  stoichiometry  of  each  reaction. 

FESULTS  AND  DISCUSSION 

The  presence  of  Carbary  1,  Malathion,  Diaz  man,  Dursban,  Dichlorvoe,  or 
2,4-D  in  concentrations  ranging  frem  0.1  to  100  ug/ml  in  10-fold  increments 
caused  little  or  no  apparent  toxicity  bo  the  BOD  of  a  0.33%  fresh  sewage 
inoculum  (Table  2).  In  all  instances,  10  ug/ml  of  pesticide,  in  ccntoinaticn 


ThBLE  2 


Ttaucity  of  eight 

selected  pesticides  in  sewage 

Rest-i  cide  name 

Bnm 

0.1 

1.0 

10 

%  D.O.  remaining 

after  test  period3 

Carbary 1 

7* 

13 

12 

5 

Bay  gun 

3 

11 

51 

53 

Ficam 

NDC 

35 

57 

ND 

Diazinon 

ND 

ND 

13 

ND 

Dursban 

3 

3 

3 

2 

Mi  lathi or 

2 

2 

2 

ND 

Dichlona* 

2 

3 

15 

ND 

2,4-D 

ND 

2 

2 

2 

aTtest  period,  180-200  hours. 

^Percentage  given  is  highest  value  obtained  in  1,  2,  or  3  experiments  done 


using  this  concentration. 


with  the  carbonaceous  materials  in  the  sewage  inoculixn,  provided  more  than 
adequate  axidizable  naterial  to  assure  100%  renova  1  of  oxygen  from  the  satu¬ 
rated  system.  By  the  end  of  the  180-200  hour  test  period,  the  highest  remain¬ 
ing  concentration  in  BOD  bottles  to  which  any'  of  these  six  pesticides  was 
introduced  was  15%.  All  values  in  Table  2  represent  the  highest  percent  D.O. 
remaining  at  the  conclusion  of  all  similar  experiments  with  that  particular 
pesticide.  In  separate-  trials  with  100  ;jg  of  Dursban  and  10  ug  of  Carbary  1/ml 
a  slight  delay  occurred  before  the  enset  of  oxygen  utilization  (Figure  1)  as 
conpared  to  the  no-pesticide  control  rate.  However,  aonplete  oxygen  aonsutp- 
tion  was  witnessed  in  the  test  period,  despite  the  initial  lag.  Alternatively 
in  other  experiments  with  Dursban  and  >talathion,  at  100  ug/ml,  the  initiation 
of  oxidation  wjs  seemingly  enhanced  (Figure  2)  as  enrpared  to  the  control. 

The  effects  of  delay  and  enhancement  evidenced  in  Figures  1  and  2  may  be  a 
result  of  variations  in  microbial  populations  in  the  sewage  inocula,  which 
were  collected  at  different  times  for  different  experiments.  The  delay  may 
result  from  9cme  initial  toxicity  which  was  soon  overcome  or  a  binding  to 
organic  particulates  of  the  molecules  followed  by  slow  release  (Miles  et  al., 
1979);  the  enhancement  nay  result  from  chemical  hydrolysis  of  the  molecule 
followed  by  a  rapid  microbial  oxidation  (Konrad  et  al.,  1969;  Bourne,  1978). 

Although  six  of  the  eight  chemicals  did  not  significantly  alter  the  BOD, 
two  carbamates  (Baygon  and  Fleam)  showed  potentially  toxic  effects.  At  10  and 
100  ug/ml  of  Baygon  and  1  .and  10  ug/ml  of  Ficam,  a  decrease  in  the  percent 
of  oxygen  cansirad  was  seen  (Table  2).  Ck-eater  than  50%  of  the  initial  D.O. 
remained  when  Baygon  was  present,  and  more  than  35%  wtien  Ficam  was  present. 

At  the  iewer  Baygon  concentrations,  the  final  D.O.  was  also  less  than  15%, 
the  highest  value  remaining  in  experiments  with  the  other  six  pesticides. 
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bxper uaents  to  determine  the  susceptibility  of  the  eight  pesticides 
when  used  as  sole  carbon  sources  by  microorganisms  (and  thus  be  biodegraded) 
follcwud  directly  from  the  toxicity  experiments  just  described.  "Old,"  car¬ 
bon-depleted  inocula  were  obtained  either  from  BOD  bottles  after  aonpletian 
of  the  toxicity  phase  of  the  experiment,  or  from  sewage  stored  one  week  at 
4°C.  In  the  former,  tlx*  inoculum  should  contain  organisms  tolerant  of,  if 
not  adapted  to,  the  (articular  jxrsticide  to  which  it  was  exposed;  stored  sew¬ 
age  inoculum  should  not  have  these  organisms.  Ttx*  solubilities  of  all  the 
pesticides  except  Dursban  exceeds  the  highest  concentration,  20  .^g/ml ,  used 
(Table  1).  The  water  solubility  of  Dursban  is  2  gg/ml . 

(Vised  an  the  theoretical  value  of  8  ug/rnl  D.O.  in  saturated  BCD  water, 
the  introduction  of  10  oq/ml  of  each  of  the  pesticides  except  Dursban  (23%) 
should  provide  sufficient  pesticide  carbon  (111-294%)  for  total  O.,  oonsunp>- 
tion.  Horfsver,  it  is  unlikely  that  the  total  nolecule  is  immediately  avail¬ 
able,  rather  that  portions  are  initially  oxidized  (Gupta  et  al . ,  1975;  Liu 
and  Bollag,  1971).  Assuming  this  to  be  true,  the  application  of  10  uq/ml  of 
(X’Sticide  wxdd  provide  enough  lmrediately  oxidizable  carbon  to  account  for 
only  28-79%  of  the  (ossible  (7,  cxxisurption  for  five  of  the  eight  molecules . 
ttilathion  (11%)  and  Diazinon  (127%)  nay  still  allow  for  amp  1  etc  deple¬ 

tion;  LXirsban  (2%)  is  limited  by  its  water  solubility  (Table  3). 

He  experimental  results  of  oxygen  oonsmption  recorded  in  experiments 
in  which  1,  10,  or  20  ,xj/ml  of  pesticide  were  added  are  shown  in  Table  3. 

The  endogenous  oxidation  in  the  treatments  with  no  pesticide  has  been  sub¬ 
tracted  from  the  results  presented.  Little  degradation  of  Baygun,  Diehl orvos, 
and  2,4-D  wis  evident  at  the  concentrations  orployed.  In  all  attempts,  the 
amount  of  oxidation  was  a  less  than  theonetica  1 .  Vfien  Diazinon  and  Mslathion 
were  used  at  10  ,<g/ml,  utilization  occurred,  but  the  extent  was  less  than 


15 

theoretical.  However,  the  percentage  was  doubled  at  the  20  ^q/ml  concentra¬ 
tion,  indicating  that  probably  an  accessible  portion  of  the  molecule  was  now 
aval lable  at  twice  the  concentration,  but  the  breakdown  of  the  remainder  of 
the  noleceles  tiad  yet  to  occur  (Paris  et  al.(  1975;  Sethunathan  and  Yoshida, 
197  3).  At  the  1  and  10  ug/ml  concentrations  of  Carbaryl,  the  percentage 
oxygen  consuned  approached  the  theoretical  amount,  the  only  pesticide  of  the 
eight  to  do  so.  Conflicting  results  were  obtained  in  repeat  experiments  with 
10  ug/ml  Ficam  and  Dursban;  in  cne  experiment,  conplcte  oxidation  waf.  found, 
whereas  no  oxidation  was  seen  in  a  second  experiment.  However,  when  20  uq/ml 
of  Ficam  was  used,  O.,  eonsurption  did  reach  40%,  whereas  there  was  no  increase 
with  20  wq/ml  Dursban,  although  an  increase  nay  not  be  neasurable  because  of 
the  lew  solubility  of  Dursban  and  the  rvlati vely  short  incubation  period. 
Differences  in  the  activity  of  microorganisms  in  the  inoculum  also  may  be 
responsible  for  the  conflicting  results  as  fungal  growth  was  visible  in  the 
Dursban  experiment  in  which  85.8%  of  tlx*  was  removed,  while  no  fungus 
growth  was  noted  in  the  other. 

The  degradation  of  Raygan  and  2,4-D,  although  not  noted  here,  has  been 
reported  in  atfuatic  systems  (Aly  and  FJ-Dib,  1973).  Dichlorvos,  nornally 
allied  os  a  vapor,  and  Ficam,  a  relatively  new  insecticide  (Story,  1977), 
have  been  studied  infrequently  in  aquatic  environments.  Malathion,  Diaz  man, 
and  Dursban  were  all  suscojjtible  to  microbial  attack,  but  at  a  rate  possibly 
dependent  an  the  substituents  present.  Carbaryl  was  shown  in  this  work  to 
be  readily  degraded,  thus  confirming  the  report  of  Lichtenstein  et  al.  (1966). 
The  differences  in  the  degradability  of  these  oenpounds  nay  be  a  result  of 
the  short  incubation  period  used,  the  poor  solubility  of  the  molecule,  or 
the  absence  of  growth  factors  or  other  essential  nutrients  (Bcxirquin,  1977). 
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II.  2, 4, 5-T  DBXMP06ITICN  IN  SOIL  AND  BY  MICROORGANISMS  IN  CULTURE 


Many  pesticides  are  transformed  in  soil  by  agents  that  are  destroyed  by 
heat,  and  it  is  generally  believed  that  the  agents  responsible  for  many  of 
these  reactions  are  microorganisms.  Nevertheless,  microorganisms  able  to  use 
several  of  these  pesticides  as  carbon  or  energy  sources  have  yet  to  be  isolated. 
Ch  the  other  hand,  microorganisms  can  often  be  obtained  which  acmetabol  1  ze  the 
molecules;  that  is,  they  metabolize  the  thru  cals  without  using  them  as  nu¬ 
trients  (Alexander,  1979).  Evidence  exists  that  2,4-dichlorophenoxyacetic 
acid  (2,4-D)  and  2, 4, 5-trichlorophenaxyacetic  acid  (2, 4, 5-T)  are  destroyed  by 
microbiological  means  (Yoshida  and  Castro,  1975),  and  it  is  usually  assured 
that  2,4-D  is  solely  metabolized  by  organises  growing  on  the  herbicide  because 
bacteria  capable  of  using  the  ccrpound  as  a  carbon  source  have  been  isolated 
(Bollag  et  al . ,  1968a;  1968b).  With  2, 4, 5-T,  on  the  other  hand,  the  only  mi- 
croorgaru i*re  found  as  yet  to  metabolize  this  herbicide  do  not  use  it  as  a  car- 
ban  source  (Horvath,  1970;  Dunock,  1975). 

A  likely  consequence  of  cmetabolian,  at  least  when  the  nutters  of  oo- 
metabolizing  organism;  in  the  soil  are  low,  is  the  persistence  of  the  sub¬ 
strate.  Tlx  reason  for  the  persistence  under  these  conditions  is  that  the 
stall  population  cannot  increase  in  size  because  the  organisms  get  no  carbon 
or  energy,  and  hence  the  population  does  not  increase  in  size  in  soils  re¬ 
ceiving  the  herbicide  with  no  supplemental  carbon  (Alexander,  1979).  Thus, 

2, 4, 5-T  often  is  found  in  soil  several  ninths  after  its  first  addition  (loos, 
1975). 

The  present  study  was  designed  to  establish  the  persistence  of  2, 4, 5-T 
in  tropical  soils  in  v*uch,  contrary  to  expectations  from  studies  in  tenperate 
soils  and  current  interpretations  of  ccretabolism,  it  sometimes  is  destroyed 
reasonably  rapidly  (Yoshida  and  Castro,  1975) .  The  investigation  was  also 
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designed  to  determine  whether  its  conversion  might  give  rise  to  00^,  as  is 
characteristic  of  aerobic  processes  in  soil  brought  about  by  microo  gam  sms 
growing  on  nany  synthetic  chemicals.  Another  purpose  of  the  investigation 
was  to  ascertain  the  pathway  of  2,4,5-T  cere tabol ism. 

MATERIALS  AND  MLTH006 

Oegradation  of  2,4,5-T  and  2,4,5-T  (*4C-nng-UL)  .  Samples  (100  g)  of 
soil  that  had  been  dried  in  air  and  passed  through  a  2-m  sieve  were  placed 
in  1-L  Lrlermeyer  flasks  and  amended  with  10  ug  of  2,4,5-T/g  of  soil.  Iden¬ 
tical  s  angles  were  irradiated  with  a  <J°Co  source  with  a  dosage  of  6  Mr  ad  to 
sterilize  the  soil.  Periodically,  10.0  g  of  soil  was  removed  from  the  flasks 
and  added  to  250-mL  Erlormeyer  flasks  containing  10  ml.  of  0.1  N  IC1  and  100  mL 
of  ethyl  acetate,  diethyl  ether,  and  acetone  (5:5:1).  The  latter  flasks  were 
shaken  for  60  run,  and  after  the  soil  settled,  the  solvent  was  decanted,  dried 
with  anhydrous  sodiun  sulfate,  and  evaporated  to  approximately  2  mL  with  a 
stream  of  high  purity  dry  N_  in  a  hot  water  bath.  The  extract  was  derivatizod 
with  diazemethane  (Daughton  et  al.,  1976)  for  gas  chrorutography .  The  ex¬ 
traction  was  85-90%  efficient  aarparod  to  2,4,5-T  standards.  In  experiments 
in  which  labeled  2,4,5-T  was  incubated  in  soil,  thin-layer  chromatography  of 
tile  soil  extracts  showed  that  the  only  labeled  aenpound  that  was  present  in 
the  extract  cochromatographed  with  authentic  2,4,5-T. 

Tb  determine  further  the  persistence  and  degradation  of  2,4,5-T  in  soil, 
25  g  of  a  silty  clay  from  Trinidad  (pH  6.1,  2.8%  organic  matter),  Ptoahas  clay 
from  the  Ftulippines  (pH  6.8,  3.0%  organic  matter),  a  silty  clay  from  Nigeria 
(pH  5.7,  2.4%  organic  natter) ,  or  Nipe  clay  from  Puerto  Rico  (pH  5.8,  2.2% 
organic  natter)  in  250-ml  biameter  flasks  (Bel lco  Glass,  Vineland,  N.J.)  was 
vended  with  10  ug  of  labeled  2,4,5-T/g  of  soil.  The  side  arm  contained  10 
mL  of  0.1  N  KGH  as  the  trapping  solution  for  the  ^00^  evolved.  Same  soil 
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sanvles  were  sterilized  by  ganrvi  irradiation,  and  all  sanv>les  were  incubated 

at  29  °C.  ftiriodically,  duplicate  1.0- ml.  portions  of  KGH  were  removed  and 

placed  in  disposable  scintillation  vials  (Kimble,  Ttoledo,  Ohio)  containing 

15  ml  of  aqueous  scintillant  (.PCS,  Amershanv'Searle  Oorp)  and  counted  for 

radioactivity.  The  radioactivity  collected  in  the  KOH  trap  was  verified  as 
14 

002  by  acidifying  with  concentrated  HC1 .  No  radioactivity  rural  nod  in  the 
acidified  solution.  Before  adding  10  mL  of  fresh  KCIi,  0.1  g  of  soil  was  re¬ 
moved  from  each  biometer  flask  and  treated  as  described  for  unlabeled  2,4,5-T. 
The  50- ..L  portions  were  placed  in  scintillation  vials  with  15  mL  of  scintil¬ 
lant  and  counted. 

Materials.  2,4,5-T  was  obtained  from  Dow  Chemical  Go. ,  Midland,  Mich., 

and  2,4,5-,  2,3,4-,  2,3,6-,  2,3,5-,  3,4,5-,  and  2,4,6-trichlorophenols  and 

catechol  were  from  Kastman  Organic  Chemicals,  Rochester,  N.Y.  Uhiformly  ring- 
14 

labeled  |  C)  2,4,5-T  (specific  activity  1.61  nO/rmol)  and  2,4,5-TCP  (specific 
activity  4.0  nCi/mrol)  were  purchased  from  California  Bionuclear  Oorp.,  Sun 
Valley,  Calif.  The  purities  of  the  ^C- labeled  corpcunds  were  98.0%  and  98.5%, 
respectively,  us  determined  by  thin-layer  chrrratography .  Uhlabeled  2,4,5-T 
was  recrystal  li  zed  twice  in  benzene  before  use,  and  the  purity  of  the  oorpound 
was  greater  than  99%  as  determined  by  thin-  layer  chroratography .  3 , 5-Dichloro- 

catechol,  cis,cis-2,4-dichloromuconate,  2-chloro-4-carboxymethylene-but-2-eno- 
lide,  chlorosuccinate,  succinate,  6-hydroxy-2,4-dichlorophenoxyaoetic  acid, 
and  4-chlorocatechol  vere  obtained  from  Dr.  J.  M.  Duxbury,  Cornell  Uhiversity . 
Thin- layer  and  gas- liquid  chromatography  indicated  that  these  chemicals  were 
85-95%  pure.  All  oerpounds  wore  dissolved  in  95%  ethanol  prior  to  addition 
to  media,  standards  vere  prepared  with  pesticide-grade  ethyl  acetate  (Fisher 
Scientific  00.,  Rochester,  N.Y).  All  other  chemicals  were  of  the  highest 
purity  available  oomnercially. 
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Glassware.  Glassware  was  cleaned  by  rinsing  in  distilled  water  followed 
by  a  24-h  mrersion  in  20%  (v/v)  JfJOj.  The  nitric  acid  was  removed  by  thorough 

washing  in  tap  water  folloed  by  distilled  water. 

Incubation  Conditions.  The  basal  medium  consisted  of  the  inorganic  salts 
solution  supplemented  with  5.gluooee.  Because  the  greatest  rate  and  extent  of 
transformatic  n  of  phenoxy  herbicides  in  the  four  soils  studied  occurred  in  a 
Philippine  soil  (Maahas  clay.  pH  6.8.  3.0%  organic  natter,  0.27%  total  nitro¬ 
gen),  it  was  used  to  investigate  the  metabolite  formed  in  the  transformation 
of  2,4,5-T  and  2,4,5-TGP.  The  soil  was  anended  with  10  ug  of  2,4,i-T/g  of 
soil  and  incubated  for  4  ncnths  at  29  °C  in  250-mL  Erlenmeyer  flasks.  The 
soil  Maples  were  then  flooded  with  150  mL  of  basal  medivm,  the  flasks  were 
nuxtxl  for  2  h  at  29  °C  and  150  rpn,  the  contents  of  the  flasks  were  allowed 
to  settle,  and  then  20-mL  {ortions  were  transferred  to  either  125-ml  baffled 
i's  lenTeycr  flasks  or  250-mL  blare  ter  flasks  (Bel  loo  Glass,  Vineland,  N.J.). 
These  suspensions  were  arvnded  to  final  concentrations  of  10  ug  of  unlabeled 
2,4,5-T  or  2, 4, 5-TC3VmL  in  the  baffled  Erlenmeyer  flasks  or  31  nCi  (5.0  ug) 
of  2.4,5-T  (14C-nng-U) /mL  or  0.22  uCi  (12  ug)  of  2.4,5-TCP  (14C- ring-U)/mL 
in  the  bicmeter  flasks. 

The  flasks  were  incubated  an  a  rotary  shaker  (150  rprO  at  29  °C.  The 
14CD2  evolved  from  the  bicreter  flasks  was  trapped  in  0.1  N  KCH  contained  in 
the  si  dearm,  the  trapping  solution  beinq  replaced  at  appropriate  time  inter¬ 
vals.  Che-mi  Hi  liter  portions  of  the  trappinq  solution  were  added  to  15  mL 
of  Hi ueous  Oounting  Scintillant  (ACS,  Amersham/Searle  Ctarp.,  Arlington  Heights. 
Ill.)  in  scintillation  vials  (Kimble,  Toledo,  (tiio) ,  and  the  radioactivity 
was  counted.  At  the  s®e  tiro,  50- uL  portions  of  the  inoculated  suspensions 
were  placed  in  scintillation  vials  with  15  ml  of  ACS,  and  the  radioactivity 


was  counted. 
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The  transformation  of  unlabeled  2,4,5-T  was  determined  in  Maahas  clay. 

For  this  purpose,  100-g  portions  of  soil  were  air  dried  and  passed  through 
a  2-nrn  sieve.  The  herbicide  (2.5  mg)  in  ethanol  was  added  to  the  reaction 
flasks,  tte  solution  was  evaporated  to  about  0.5  mL,  and  1.0  mL  of  distilled 
water  was  added.  The  soil  was  then  introduced  into  the  flask,  and  distilled 
water  was  finally  aided  to  bring  the  soil  to  70%  of  field  capacity.  The  soil 
was  aerated  at  a  rate  of  100  mL/min  with  water-saturated  air  that  was  first 
freed  of  00^  by  passage  throuqh  Ascarite.  The  terperature  was  23  to  25  °C. 

In  an  a  turret  to  enhance  2,4,5-T  degradation,  one  set  of  flasks  was  amended 
with  1.0  mg  each  of  sodium  benzoate  and  gluoose/g  of  soil.  Fbr  all  experi¬ 
ments,  possible  nonbiological  transformation  of  2,4,5-T  and  2,4,5-TCP  was 
assessed  using  soil  inoculum,  cell  suspensions,  or  soil  treated  with  6  mega¬ 
rads  of  gmm- irradiation.  Controls  without  added  herbicide  or  2,4,5-TCP 
were  also  prepared,  incubated,  and  analyzed  as  described. 

It)  determine  the  products  of  2,4,5-T  degradation,  a  bacterium  obtained 
fron  ftaahas  clay  was  grown  in  the  basal  medium  amended  with  20  ug  of  unlabeled 
2,4,^-T  or  2,4,5-TCr/mL  or  with  either  31  nCi  of  14C-nng-U  2,4,5-T/mL  or  0.22 
uCi  of  2,4,5-TCP/mL.  The  organism  was  grrwn  in  either  125-mL  baffled  Erlen- 
ntyer  flasks  or  250-ml  biometer  flasks  at  29  °C  on  a  rotary  shaker  operating 
at  150  rpm. 

Analysis  of  unlabeled  metabolites.  The  aorpounds  were  extracted  from 
the  mixtures  inoculated  with  901 1  or  the  axenic  bacterial  culture  with  equal 
volumes  of  pesticide-grade  ethyl  acetate  after  acidifying  to  pH  2  with  IN  HC1. 
The  extraction  was  repeated  three  times,  and  the  solvent  phases  were  dried 
with  anhydrous  Na2SC>4.  Based  an  tests  with  known  concentrations  of  2,4,5-T 
and  2,4,  5- TCP,  the  extraction  procedure  removed  more  than  90%  of  the  diemi- 
cals  from  the  sanple.  The  solvent  was  concentrated  to  about  0.5  ml  with  dry 


concentrated  (to  2  mL)  as  described  above,  and  50-nL  portions  vkj re  withdrawn 
for  the  determination  of  radioactivity.  For  chromatographic  analysis,  50  wL 
of  extract  was  spotted  on  thin- layer  silica  gel  (GF)  Rodi/plates  (Fisher  Sci¬ 
entific  CO. ,  Pittsburgh,  Penna.).  Each  spot  was  overlaid  with  SO  uL  contain¬ 
ing  150  jq  of  a  possible  microbial  product  qeneratod  from  the  parent  chemical. 
The  spots  were  allowed  to  dry,  and  the  plates  were  developed  in  a  solvent 
system  of  isopropyl  alcohol,  ethyl  acetate,  and  anrnoniun  hydroxide  (7:9:4). 
The  chromatograms  were  examined  under  UV  light,  the  spots  containing  the 
metabolite*  were  scraped  off  the  plate,  and  the  resulting  material  was  placed 
in  scintillation  vials  containing  15  mL  of  ACS.  The  radioactivity  was  then 
counted. 

A  second  set  of  thin- layer  chromatography  plates  was  developed,  dried 
in  air,  and  placed  against  Kodak  no-screen  SB-5  X-ray  films  (Eastman  Kodak 
Od.  ,  Rochester,  N.Y. )  for  3  to  4  weeks  to  detect  radioactive  areas.  The 


and  treated  with  di azomethane  (Daughton  et  al . ,  1976 ) . 

2,4, 5-T  and  possible  metabolites  were  extracted  periodically  from  the 
soil  by  adding  100  mL  of  a  solvent  system  containing  ethyl  acetate,  diethyl 
ether,  and  acetone  (5:5:1)  to  25  g  of  soil.  The  soil  was  shaken  for  60  min, 
the  particles  were  allowed  to  settle,  and  the  solvent  phase  was  removed.  The 
solvent  was  dried  with  anhydrous  Na^SO^,  concentrated  under  a  stream  of  dry 
N.^  to  about  5  mL,  and  treated  with  diazomethane .  The  efficiency  of  recovery 
of  2, 4, 5-T  from  the  soil  was  85%  when  tested  with  known  concentrations  of  the 
herbicides.  For  gets  chromatography  and  combined  gas  chromatography-mass  spec¬ 
trometry,  2, 4,  5-' TCP  and  possible  metabolites  formed  from  2, 4, 5-T  were  prepared 
in  ethyl  acetate  and  derivatized  with  diazemethane.  Analysis  was  by  gas-liquid 
chromatography  or  gas  chraratography-nass  spectrometry . 

Analysis  of  labeled  metabolites The*  samples  were  extracted,  dried,  and 


films  were  developed  as  described  by  Wang  and  Willis  (1965)  with  Kodak  X-ray 
developer  and  rapid  fixer. 

Analytical  Methods.  The  disappearance  of  2,4, 5-T  and  2,4,5-TCP  was  de¬ 
termined  by  measurement  of  the  UV  absorbance  of  the  solution  at  292  and  310 
nm,  respectively,  using  1.0- an  quartz  cuvettes  and  a  Beckman  DU-2  spectro- 
pfotcmeter .  All  raxiings  were  corrected  for  nuterial  absorbing  at  the  same 
wavelengths.  Phenol  was  determined  Ly  the  method  of  Chrasti  1  (1975)  using  a 
Bausch  and  bomb  Spectrum  c- 20  spectrophotometer.  Chloride  was  estimated  by' 
the  technique  of  Bergnann  and  Sanik  (1957) ,  and  the  values  obtained  were  cor¬ 
rected  for  the  chloride  in  the  basal  median.  Radioactivity  was  determined 
by  counting  in  a  Beckman  liquid  scintillation  counter,  model  L5-100C.  All 
counts  were  corrected  for  quenching  ant)  background. 

Gas  chrorrutographic  analysis  was  performed  with  a  Berk  in- Elmer  gas-liquid 
chime  tograph,  model  3920B,  equipped  with  a  flame  ionization  detector.  The 
packing  was  3%  OV-17  an  100/120  mesh  Gas  CJirom  W  (HP)  in  a  1.83-m  by  2-nrn  (i.d.) 
glass  oolum  (Sipelco,  Inc.,  Bellefonte,  Penna.).  The  operating  tenperatures 
were  215  °C  for  the  injector  and  250  °C  for  the  interface  (detector).  The 
oolmn  was  nvnntained  for  2  nun  at  60  °C  and  progranmod  at  8°/min  to  250  °C,  or 
it  was  operated  isothermal ly  at  135  °C.  The  flew  rate  of  the  helium  carrier 
gas  was  30  ml/nun.  The  quantities  of  2, 4, 5-T  and  its  possible  metabolites  were 
determined  by  comparison  with  standard  curves  prepared  from  the  authentic  chem¬ 
icals. 

Maas  spectra  were  obtained  with  a  Finnigan  3300  mass  spectrophotometer , 
electron  urpact  70  eV,  crxplod  with  a  Finnigan  3300  gas  chromatograph  via  a 
heated  single-stage  jet  separator  and  using  a  glass  aolim  identical  to  the 
one  described  previously  except  that  it  was  Oshapod  and  1.53-m  long.  The 
spectra  were  oarparod  with  those  of  authentic  enrpounds. 
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RESULTS 

Hie  tropical  soils  wa>  amended  with  10  ug  of  unlabeled  2,4,5-T.  Hie 
data  s ftM  that  2,4,5-T  was  destroyed  in  the  four  tropical  soils  (Figure  1). 
After  an  initial  period  of  ip  to  2.5  months,  during  which  there  was  little 
loss,  2,4,5-T  disappearance  (as  determined  uy  loss  of  UV  absorbance  and  gas 
chromatographic  analysis)  became  marked  and  ranged  from  20  to  80*  by  4  nonths. 
Oily  2%  loss  was  detected  in  ijanma- irradiated  soil  in  16  weeks. 

Hie  sane  soils  vere  .mended  with  10  yg  of  labeled  2,4,5-T/g  of  soil  and 
incubated  at  29  °C  in  biameter  flasks.  Hie  evolution  of  from  these  soils 

is  depicted  in  Figure  2.  It  is  evident  that  the  soils  differed  appreciably 

.  .14 

in  their  activities.  In  the  Philippine  soil,  CT>^  evolution  was  evident  in 

one  week,  but  more  than  2  months  cla(^sed  before  ^00_  in  appreciable  amounts 

was  released  from  the  Puerto  Rico  soil;  34%  of  the  14C  was  released  from  the 

former  and  only  5.2%  from  the  latter  soil  after  4  months.  These  data  confirm 

the  ring  cleavage  of  2,4,5-T  because  the  herbicide  contained  the  label  in  the 

ring.  Less  than  1%  of  the  ^4C  was  released  as  irradiated  soil  in  4 

months. 

14 

The  disappearance  of  the  C- labeled  2,4,5-T  from  the  soil  was  measured 

_  14 

at  the  same  time  as  00^  evolution  wos  monitored.  The  data  show  that  the  ap¬ 
pearance  of  labeled  CD,  occurred  concern tant ly  with  the  loss  of  labeled  2,4,5-T 
(Figure  2).  The  loss  vras  evident  after  two  weeks  in  the  Fhilippine  soil,  but 
more  than  two  months  was  needed  for  a  detectable  loss  in  the  Puerto  Rioo  soil. 
After  4  months,  approximately  5  to  35%  of  the  14C  in  the  soils  had  disappeared, 
but  less  than  1%  of  the  chemical  had  been  lost  from  sterile  soil. 

The  metabolism  of  2,4,5-T  and  2,4,5-TCP  by  the  mixed  populations  in  a 
soil  suspension  was  determined  by  loss  of  UV  absorbance  at  292  and  310  rm, 
respectively,  and  by  gas  chroma tographic  analysis  of  2,4,5-T.  This  mixture 


Figure  2.  Disoj^earance  of  2,4,5-T  (C-ring-UL)  (top)  and  evolution 
14 

of  (X>2  (bottom)  from  four  tropical  soils  anended  with  10 
jy  of  labeled  2,4,5-T/g  of  soil  (see  Figure  1  for  abbrevia¬ 
tions)  . 


,4<  A'-  *\0M  IV) 


ittllUi  »  lf»t  IVI 


28 


of  onjaruarte  from  soil  rather  than  soil  itself  was  used  to  facilitate  the 
(.kanonstration  of  microbial  transformations  in  the  preliminary  studies.  The 
data  su.jgested  that  2,4,5-T  disajjpeared  slowly,  and  gas  chromatographic  anal¬ 
ysis  showed  that  only  about  10%  was  lost  after  25  days  (Figure  3).  The  solu¬ 
tion  gave  a  reaction  in  the  Chrastil  (1975)  test  suggesting  a  phenol,  and  it 
also  contained  a  product  absorbing  light  at  310  m,  which  is  the  wavelength 
at  wtuch  2,4,5-TCP  absorbs  rruxinully.  The  absorption  maxima  for  2,4,5-,  2,3,4-, 
2,3,6-,  2,3,5-,  3,4,5-,  and  2, 4, 6-tr ichlorojhenols  v*?re  310,  283,  289,  280, 

305,  and  317  nm,  respectively.  Authentic  2,4, 5- TCP  added  to  the  soi  1  suspen¬ 
sion  disappeared  rapidly,  and  no  re  tlvin  80%  of  the  oerpound  was  lost  at  25  days 
as  judged  by  decline  in  IV  absorbancy.  About  75%  of  the  chlorine  in  the  herb¬ 
icide  was  liberated  as  free  chloride.  After  25  clays,  the  soil  sus(x*nsion  re¬ 
ceiving  2,4,5-T  was  extracted  with  ethyl  acetate  and  saved  for  gas  chromato¬ 
graphy-miss  sped  rum.*  try.  In  soil  suspensions  sterilized  with  ganma  irradia¬ 

tion,  no  2,4,5-T  deccrvosition  was  ev’ident. 

Hie  breakdown  of  2,4,5-T  ( **C-nng-U)  and  2,4,5-TCP  (^C-ring-U)  was  also 

14  14 

determined  by  mvisur l ng  the  evolution  of  CD^  and  the  decrease  of  C  in  the 

soil  suspension.  The  amount  of  in  the  soil  suspension  containing  labeled 

14 

2.4.5- T  did  not  decrease  until  day  16,  and  after  25  days  about  12%  of  the  C 
had  disappeared  from  the  liquid  (Figure  4).  Concurrent  with  the  decrease  in 

14 

radioactivity  in  the  suspension  was  the  evolution  of  00^ ,  and  about  8%  of 

14 

the  initial  radioactivity  had  been  evolved  as  <X>2  by  day  25.  In  contrast , 
when  the  soil  suspension  was  incubated  with  labeled  2,4,5-TCP,  the  radioac¬ 
tivity  in  the  liquid  started  to  decrease  at  4  days,  and  nearly  50%  of  the 
14C  had  disappeared  f  rem  the  suspension  by  day  25.  As  the  derived  from 

2.4.5- TCP  was  lost  from  the  suspension,  002  was  evolved  until  more  than  40% 
of  the  initial  radioactivity  was  recovered  as  * by  day  25.  The  suspnen- 


* 


Figure  3.  changes  in  the  concentrations  of  2,4,5-T  and  2,4,5-TCP  in 


a  soil  suspension  containing  10  „kj  of  2,4,5-T  or  2 , 4 , 5-TCP/mL. 
Ihe  product  formed  fror'.  2,4,5-T  absorbed  nuximally  at  310  nm. 
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sion  was  saved  for  thin- layer  chromatography  and  autoradiography. 

A  bacterium  was  isolated  from  M&ahas  clay  by  inoculating  soil  into  a 
medium  containing  100  mg  of  2,4,5-T,  0.30  g  of  glucose,  0.30  g  of  glycerol, 

0.30  g  of  sodium  succinate,  0.50  g  of  (JW^SO.,  0.20  g  of  KC1,  0.20  g  of 
Mt£°4’7H20'  0.10  g  of  NaCl,  50  m*p  of  CaCl  ^l^O,  ard  20  mg  of  FfeClj.e^O  per 
liter  and  12  mM  potassium  phosphate  buffer.  When  measurements  of  the  UV  ab¬ 
sorption  indicated  that  the  2,4,5-T  was  destroyed  and  a  change  in  visible 
turbidity  v*is  evident,  the  enrichment  culture  was  transferred  to  fresh  medium. 
After  two  successive  transfers,  the  enrichment  was  streaked  on  a  solid  medium 
of  tie  sane  curios  lti  on.  The  isolate  was  identified  as  Pseudomonas  fluoresoens 
based  on  its  (hysioloqical  and  morphological  characteristics.  The  bacterium 

was  grown  in  the  basal  medium  amended  with  20  uq  of  un labeled  2,4,5-T  and  0.5 
14 

uCi  of  C-rmg-U  2,4,5-T/mL.  When  aonpared  to  sterile  controls,  a  decrease 
in  2,4,5-T  concentration  was  evident  at  20  h,  and  about  70%  of  tlx?  chemical 
had  disappeared  at  80  h  (Figure  5).  The  analysis  of  2,4,5-T  was  by  measuring 
abairbancy  at  292  r*m  and  by  ejas  chromatography  of  samp  les  of  the  solution  that 
had  been  extracted  with  ethyl  acetate  and  derivatized.  At  about  20  h,  the 
solution  ocntaxned  a  substance  absorbing  maximal ly  at  310  im,  giving  a  posi¬ 
tive  phenol  reaction,  and  having  the  same  retention  time  as  2,4,5-TCP  by  tjas 
chromatographic  analysis.  Assuming  that  the  unknown  was  2,4,5-TCT  ard  using 

2.4.5- Ttr  as  a  standard  for  quantification,  the  yield  of  the  pros- mod  2,4,5- 
TCT  reached  a  value  of  nearly  60%  of  the  maximum  that  could  be  pjroduoed  from 

2.4.5- T.  Md  free  chloride  was  released  into  the  medium. 

The  isolate  of  P.  fluoresoens  could  not  use  2, 4, 5-HT  as  a  carbon  source 
for  growth.  Moreover,  it  did  not  metztolize  2,4,5-TCP  in  the  basal  medium 
supplemented  with  20  ug  of  unlabeled  2,4,5-TCT/mL  or  with  2.0  uCi  (7.7  ug) 
of  labeled  2, 4,  5-TCP/mL.  The  bacterium  did  not  liberate  from  labeled 
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2,4,5-T  and  2,4,  5-TUP  when  growing  in  the  basal  resdiun.  Thus,  the  isolate 
ocmetabolized  2,4,5-T  and  converted  it  to  a  product  that  might  be  2,4,5-TCP, 
but  it  could  not  degrade  the  phenol  further.  The  cultures  grown  in  the  basal 
mBdia  amended  with  unlabeled  2,4,5-T  were  extracted  with  ethyl  acetate,  de- 
nvatized,  and  saved  for  further  analysis. 

The  degradation  of  2,4,5-T  was  determined  in  Hvahas  clay  amended  with  25 
ug  of  the  herbicide/ g  of  soil.  Seme  of  the  soil  sanples  were  supplemented 
with  1.0  my  each  of  glucose  and  aodiim  benzoate/g  of  soil.  Portions  (25  g) 
of  the  soil  sanples  were  removed  at  30,  60,  90,  and  120  days  and  extracted, 
and  the  extracts  were  analyzed  by  gas  chrarotoqrapJTy .  The  disappearance  of 

2,4,5-T  was  not  evident  until  day  60  regardless  of  whether  the  soil  had  re¬ 
ceived  the  glucose-benzoate  mixture  (Figure  6) .  This  supplement  thus  did 
not  enhance  2,4,5-T  rretabol isr.  in  the  first  few  days,  when  the  two  available 
carbon  sources  were  likely  being  utilized.  The  rate  of  2,4,5-T  loss  appeared 
to  be  greater  in  the  carbon-supplemented  soil  than  in  the  soil  receiving 

2,4,5-T  alone,  but  the  difference  was  slight  and  because  only  two  soil  rep¬ 
licates  were  examined,  it  is  not  known  vhether  the  difference  was  statisti¬ 
cally  significant.  No  2,4,5-T  deccrposition  was  evident  in  soil  by  gann»- 
irradation. 

A  product  was  found  in  the  extracts  of  soil  that  had  been  inci±>ated 
with  2,4,5-T  for  60  day's.  This  aompound  gave  a  positive  test  for  phenol, 
and  it  had  the  sane  retention  time  (270  s)  by’  gas  chroretography  as  authen¬ 
tic  2,4,5-TCP.  The  concentration  of  the  ccrpound  rose  with  time  and  then 
decreased  semwhat  after  90  days.  No  other  products  were  found  by  gas  chro¬ 
matography  of  the  extracts  of  the  2 , 4 , 5-T-amended  soil  as  ccrpared  with  soil 
not  receiving  the  herbicide.  The  extract  was  saved  for  further  analysis. 


Figure  6.  CJtanges  in  the  concentrations  of  2,4,5-T  in  Maahas  clay 
anended  with  25  ug  of  2,4,5-T/g  of  soil  and  fornation  of 
a  phenolic  product.  The  soil  was  either  treated  with  1.0 
mg  of  gluaose  and  sodium  benzoate/g  or  not  so  amended. 
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Derivatized  extracts  of  the  soil  suspension,  P.  f lucres oens  culture,  and 
soil  that  had  been  incubated  with  2,4,5-T  were  analyzed  by  gas  chromatography . 
The  methyl  derivative  of  a  product  in  each  of  these  extracts  had  the  same  re¬ 
tention  time  as  the  methylated  derivative  of  authentic  2,4,5-TCP.  Hie  reten¬ 
tion  times  for  2,4,5-,  2,3,4-,  2,3,6-,  2,4,6-,  3,4,5-,  and  2, 3,5-trichlorophe- 
nols  were  270,  180,  350,  240,  265,  and  105  s,  respectively,  on  the  CV-17  oolvmn 
operated  isothenrelly  at  135  °C.  Although  2,4,5-  and  3,4,5-trichlorophenols 
had  similar  retention  tines,  their  nass  spectra  differed  significantly.  Fig¬ 
ure  7  shows  the  spectra  for  authentic  2,4,5-TCP  (A),  the  metabolite  from  the 
P.  f  luoresoens  culture  (D) ,  and  the  product  obtained  from  soil  (C) .  The  prod¬ 
uct  from  the  soil  suspension  incubated  with  2,4,5-T  had  an  identical  spectrum 
to  that  of  the  other  two  metabolites.  The  ocnpounds  had  molecular  ions  with 
m/e  of  210  and  fragmentation  patterns  identical  to  that  of  authentic  2,4,5- 
TCP.  Thus,  microorganisms  in  axeruc  culture,  soil  suspension,  and  Maahas 
clay  converted  2,4,5-T  to  2,4,5-TCP. 

14 

Because  the  soil  suspension  liberated  OD^  from  labeled  2,4,5-TCP,  the 
phenol  was  further  metabolized;  hence,  the  extracts  from  these  suspensions 
were  analyzed  for  possible  products  formed  from  2,4,5-TCP.  The  derivatized 
extract  from  the  inoculum  amended  with  unlabeied  2,4,5-TCP  was  analyzed  by 
gas  chrcratography,  and  the  retention  times  were  aerpared  with  retention 
times  of  authentic  3 , 5-dichlorocatechol ,  cis-cis-2 , 4-dichloromjconate ,  2- 
chloro-4-carboxymethy lent*- but- 2-enolide,  chlnroeuccinafce,  succinate,  and 
4-chlorocatechol.  These  ccrpounds  have  been  previously  identified  as  prod¬ 
ucts  generated  in  the  metabolism  of  2,4-dichlorcphenaxyacetate  (Bollag  et  al., 
1968a,  1968b,  Duxbury  et  al.,  1970;  Sharpee  et  al.,  1973;  Tiedje  et  al.,  1969). 
Based  an  aarparisons  with  retention  times  for  these  derivatized  standards,  all 
of  the  products  were  found  in  the  extract  of  the  soil  suspension  incubated 
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Figure  7.  Mass  spectra  of  the  methyl  derivatives  of  authentic 
2,4,5-TCP  (A)  and  of  a  product  extracted  from  a  bac¬ 
terial  culture  (B)  and  Maaha-,  clay  soil  (C)  incubated 


with  2,4,5'-TCP.  The  retention  times  were  16.3,  13.1,  16.7,  10.0,  8.6,  and 
13.4  nun,  respectively,  on  the  tenperature-progranrnBd  CV-17  oolunn. 

Mass  spectra  were  obtained  for  three  of  these  products.  Ore  was  identi¬ 
cal  to  the  nass  spectrum  of  authentic  3,5-dichlorocatechol  (Figure  8).  The 
conpound  showed  a  molecular  ion  with  m/e  of  206,  ail  though  the  major  peak 
occurred  at  191,  which  probably  represents  the  loss  of  a  methyl  group  and 
the  formation  of  -Q-CH^-O-  from  the  oxygens  of  the  catechol.  The  spectrum 
of  the  second  product  was  identical  to  that  of  4-chlorocatechol  (Figure  9) , 
and  the  product  had  a  molecular  ion  with  rry/e  of  172  and  a  fragmentation  pat¬ 
tern  identical  to  that  of  authentic  4-chlorocatechol.  The  third  product  did 
not  show  the  expected  molecular  ion  at  ny/e  146,  but  it  did  have  a  base  peak 
at  m/e  115  and  a  fragmentation  pattern  identical  to  that  of  authentic  dimethyl 
succinate  (Figure  10) . 

The  other  three  metabolites  that  were  tentatively  identified  by  gas  chro- 
netography  were  further  analyzed  by  thin- layer  chromatography  and  autoradio¬ 
graphy.  lie  tracts  from  the  soil  inoculum  amended  with  labeled  2,4,5-TCP  were 
spotted  on  silica  gel  plates,  and  these  spots  were  overlain  with  50  uL  of  a 
solution  containing  each  of  the  authentic  chemicals.  A  second  set  of  plates 
was  used  for  autoradiography .  The  authentic  chemicals  were  located  on  the 
chreratograms  by  their  UV  absorption  or,  in  the  case  of  chlorosuocinate,  by 
the  use  of  a  spray  for  halogenated  oenpounds .  The  plates  were  first  sprayed 
with  a  solution  of  1.0  g  of  in  100  mL  of  0.5  N  solution,  they  were 

dried  briefly,  and  then  the  plates  were  sprayed  with  0.1%  ethanol ic  fluorescein 
solution  (Fisher  Scientific  Co. ) .  These  spots  were  then  scraped  off  and  trans¬ 
ferred  to  scintillation  vials  containing  15  mL  of  ACS  solution.  The  radio¬ 
activity  would  have  been  generated  by  2,4,5-TCP  netabolism.  On  the  basis  of 
radioactivity  an  the  X-ray  film  and  spot  formation,  the  products  appeared  to 


Figure  8.  Mass  spectra  of  the  methyl  derivatives  of  authentic 
3,5-dichlorocatechol  (A)  and  of  a  product  formed  in 


soil  suspension  incubated  with  2,4,5-TCP  (B) . 


Figure  9.  Mass  spectra  of  the  methyl  derivative  of  authentic 
4-chlorocatechol  (A)  and  of  a  product  formed  in  soil 


suspension  incubated  with  2,4,5-TCP  (B) . 


41 


be  cab, cis-2 , 4-dichloromuconate ,  the  chlorobutenolidc ,  and  chlorosuccinate . 

No  such  products  were  found  in  the  sterile  soil  suspensions  incubated  with 

2.4.5- TCP;  hence,  the  products  are  derived  from  microbial  metabolism. 

DISCUSSION 

In  view  of  the  present  findings  and  the  report  by  Koch  (1975)  that 

2.4.5- T  is  converted  to  00^ ,  one  might  expect  that  mi croorqan l sirs,  could  be 
obtained  which  use  it  as  a  source  of  carbon  and  energy.  tfcwever,  such  an 
organism  had  yet  to  be  fourd,  and  all  of  the  active  bacteria  attach  2,4,5-T 
by  cure tabol ism.  Because  onretabol  izinq  species  do  not  replicate  at  the  ex¬ 
pense  of  the  ccnpound  on  which  they  act,  the  late  of  decnrposition  will  re¬ 
main  low  should  the  initial  cell  nurtoer  be  snail.  This  long  persistence  co¬ 
inciding  with  an  apparent  microbial  transformation  is  typical  of  the  behavior 
of  2,4,5-T  in  soil  (Audus ,  1951).  The  fact  that  son.'  soils  none  readily  de¬ 
stroy  the  herbicide  than  others  may  reflect  the  content  in  these  soils  of 
nutrients  that  support  replication  of  the  curetabolizing  populations,  the 
larger  microbial  nirrbors  or  bicmvass  then  beirri  more  active  in  the  ocmetabolic 
transformation. 

The  breakdown  of  2,4,5-T  in  soil  has  been  observed  by  a  nvmber  of  in¬ 
vestigators.  Fbr  exarrple,  Yoshida  and  Gistro  (1975)  detected  the  microbial 

destruction  of  2,4,5-T  in  two  Philippine  soils  12  weeks  after  addition  of  the 

14 

herbicide.  Koch  (1975)  reported  the  evolution  of  CD^  from  ring- labeled 

2,4,5-T  applied  to  Johnson  Island  coral,  and  Sharpee  (1973)  slewed  microbial 
activity  an  2,4,5-T  in  a  terperate  soil  as  well  as  in  model  aquatic  ecosystems. 
The  most  extensive  microbial  destruction  of  a  trichlorrphenoxy  herbicide  was 
reported  by  Ou  and  Sikka  (1977),  who  showed  that  2- (2,4 ,5-txichlorcphenoxy) 
propionate  was  converted  to  00^.  In  the  present  study,  2,4, 5-TtT ,  3,5-di- 
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chlorocatoehol,  4-chlorocatechol ,  and  succinic  acid  were  identified  os  prod¬ 
ucts  by  mass  spectrcmetry.  In  prior  work,  it  has  been  found  that  2,4,5-TCP 
is  produced  from  2,4, 5-T  in  soil  and  water  (Sharpee,  1973)  and  during  the 

utilization  of  2- (2, 4, 5- tJichlorophenoxy)  propionate  by  a  mixed  microbial  cul- 

% 

ture  (Ou  and  Sikka,  1977).  Based  an  a  positive  An yow- catechol  test  and  thin- 
layur  cl  uramatxjg raptiy ,  Horvath  (1970)  propc-sed  that  Brcvibact er l vjn  sp.  gen¬ 
erated  3,  5-dichlorocatoehol  from  2,4,5-T.  However,  the  present  inquiry  pro¬ 
vides  definite  evidence  for  the  microbial  formation  of  3,5-dichlorocatechol , 
and  several  other  intermediates  formed  in  the  netabolism  of  2,4,5-TCP  also 
haw  leon  tentatively  identified.  Based  on  these  findings,  2,4,5-T  appears 
to  be  acted  on  by  .an  initial  cleavage  of  the  ether  linkage  to  yield  2,4,5- 
TCP,  which  is  then  converted  to  3, 5-uichlorocatechol .  The  benzene  ring  is 
then  apparently  opened  to  yield  products  tentatively  identified  as  cis,cis- 
2,  i-dichlorcuaxxinate,  2-chloro-4-carboxymethylene-but-2-enolide,  and  chloro- 
succinate,  and  succinate  is  the  final  product  of  dehalcujenatian  (Figure  11). 
The  pathway  of  metabolisan  beyond  3, 5-dichlorocatechol  thus  is  analogous  to 
the  sequence  described  for  2,4-D  degradation  (loos,  1975).  The  precursor  of 
4-chlorocatcchol  is  likely  the  dichlorocatecbnl ,  but  it  is  not  presently  clear 
hex*  the  dichlorocatechol  is  'icnerated  from  2,4,5-TCP  because  both  a  dehalo- 
gensticn  and  a  hydroxy  lat  ion  cue  rajuirer4. 

The  data  presented  here  denonstrate  that  2,4,5-T  was  acted  an  by  aometab- 
olisr.  because  the  isolate  could  not  use  2,4,5-T  as  a  cartoon  and  energy  source, 
although  it  could  metabolize  the  herbicide.  An  isolate  able  to  ubo  the  herbi¬ 
cide  as  a  carbon  source  for  growth  has  yet  to  be  obtained,  however,  a  soil 
suspension  contained  organises  able  bo  transform  2,4,5-TCP  to  succinic  acid, 
indicating  that  the  2,4,5-T  is  ultimately  converted  to  conpounds  that  undoubt¬ 
edly  serve  as  carbon  and  energy  sources  for  microorganisms.  The  usually  long 


Fxqure  11.  Proposed  pathway  for  the  microbial  metabolism  of  2,4,5-T 
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persistence  of  2,4,5-T  in  soil  is  thus  likely  a  result  of  the  inability  of  the 
snvill  canetabolizmj  population  to  replicate  by  using  the  pesticide  as  a  carbon 
source,  but  a  product  of  the  ccmetabolism  that  can  be  used  as  a  carbon  source 
would  not  be  found  in  natuie  in  appreciable  concentrations  because  that  prod¬ 
uct  would  serve  as  a  substrate  for  nucrobial  grcvrth. 
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